The existence of an isoscalar giant monopole resonance (GMR) has been well established for nuclei with massA > 60 [1] [2] [3] [4] [5] [6] [7] . However, for nuclei withA < 60 no compact resonance exhausting an appreciable fraction of the E0 energy weighted sum rule (EWSR) has yet been found. The reason for this could be twofold. In the first place it is known that in hght nuclei (A < 40) the lsoscalar quadrupole resonance is strongly fragmented and spread out over a large energy interval [7] . It is qmte reasonable to assume that the same happens to the monopole (and other multlpole 2/~co) strength. Secondly, there are theoretical arguments [8] that the phenomenologlcal relation between the monopole excitation energy Ex(GMR ) and the mass number A,Ex(GMR ) = 80 × A -1/3 MeV, is too simple for hght nuclei and that additional terms, for instance due to surface effects, have to be included. The effect of these additional terms IS that the effective excitation energy Ex(GMR ) is lower than predicted by the stmple relation given above. In fact it has been suggested by Buenerd [4] that for nuclei with A ~--60 the lSOSCalar monopole strength coincides m excitation energy with the isoscalar quadrupole strength, located at approxamately Ex(GQR ) = 65 × A-1/3 [7] and 1 Permanent address Istltuto dl Flslca, Umversltfi dl Bari, Ban, Italy. 2 Permanent address RCNP, Osaka, Japan. that for still lighter nuclei one has Ex(GMR ) < Ex(GQR ). Thus one is faced with the posslblhty that for light nuclei with A ~< 40 the lSOSCalar monopole strength and quadrupole strength both are strongly fragmented and intermingled. Thus the fact that m these nuclei no appreciable amount of monopole strength has yet been found might well be due to the experimental problem of locating pieces of monopole strength amidst fragmented strength of other multipolarltles, especially quadrupole strength.
The present expermaent was especially designed to locate such fragmented monopole strength in the giant quadrupole region of 40Ca, that is between 10 and 20 MeV excitation energy. The nucleus 40Ca is interesting for two reasons. In the first place previous RPA calculations [8, 9] predict that there should be a compact monopole resonance located somewhere between 20 and 25 MeV excitation, while a more recent calculation m the framework of the selfconslstent continuum RPA predicts that the monopole strength in 40Ca should be fragmented [10] . The other reason is that nearly all experiments [1, 6, [11] [12] [13] [14] [15] [16] [17] on 4°Ca, largely stmaulated by the prediction that considerable monopole strength should be present around E x = 21 MeV [18] , failed to locate an appreciable amount of such strength. In fact, all that is definitely known is that around E x = 14 MeV about 6% of the E0 EWSR is present, while there is some evidence for about 8% of 0.031-9163/83/0000 0000/$ 03.00 © 1983 North-Holland 9 the E0 EWSR in the region betv een 16 and 20 MeV excitation energy [1, 6] . We have used two independent methods to determine monopole strength, both of which have been used previously, but only separately or at least not mdependently as m the present experiment: singles measurements and coincidences with a-decay to the 0 + ground state of the residual nucleus 36At at very forward scattering angles. For the coincidence measurements this has the advantage that in this way the E0 strength is relatively very strongly excited compared to strength of other multlpolaritles. In the singles experiment the typical behaviour of the E0 angular distribution as compared to other multlpolanties has been used. As will be clear from fig. 1 , the main &fference between a spectrum obtained from inelastic a-particle scattering for angles between 0 ° and 1.5 ° and one taken for angles between 1.5 ° and 3 ° is due to E0 excitation. Thus by comparing such spectra, properly normalized, one can directly determine excitation energy and strength of monopole excitaUons.
In the coincidence measurements the angular correlation of a-decay of multipolarlty l to the 0 + ground state of the residual nucleus is to good approximation given by the Legendre polynomial [P/(cos 0)12. Thus the angular correlation for strength of multapolarlty l 0 is peaked around the recoil direction of the decaymg nucleus, to be compared with the isotroplc angular correlation for E0 strength.
The momentum analyzed 120 MeV a-particle beam of the KVI cyclotron was used to bombard a 750/~g/ cm 2 metallic Ca target, which was nearly free of carbon and oxygen contaminants. The lnelastlcally scattered a-particles were detected with the QMG/2 magnetic spectrograph [19] at 0 °, using the full 10.3 msr solid angle, which corresponds to an opening angle of 6 ° . The beam was stopped in the focal plane of the spectrograph in a movable Faraday cup adjacent to the detection system. The setup was such that the detector covered the excitation energy range between 10.5 and 20 MeV. Since the detection system [20] determines both the horizontal and vertical angles of incidence of the particle, the scattering angle can be reconstructed. It is therefore possible to eliminate spurious events due to slit scattering and to construct spectra for different scattering angle intervals. In the present case two intervals were used. 0 = 0°-1.5 ° ("small" angles) and 0 = 1.5 °-3.0 ° ("large" angles). The energy resolution in the experiment was 60 keV, similar to the width expected for E0 fragments on the basis of the observed behaviour of the quadrupole strength. The charged particles originating from the decay of the excited 40Ca nuclei were detected in coincidence with the inelastlcally scattered projectile at various angles using solid state particle telescopes, consisting of a 13.6/Jan AE, a 2 mm E and a 2 mm veto detector.
Figs. 2a-2d show the singles data obtained. In fig.  2a the spectrum for the full 10.3 msr solid angle is displayed. No background has been subtracted. In fig. 2b and 2c the properly normalized spectra for "small" and "large" scattering angle are given, while fig. 2d shows the spectrum resulting from subtraction of the spectra of fig. 2b and 2c. It is clear from fig. 1 that multipolarlties other then E0, which have nearly flat angular distributions at the forward scattering angles involved, will be approximately canceled by this subtraction procedure, while the presence of lSOSCalar E1 strength would give rise to negative peaks. Fig. 2d shows that the GQR bump at E x = 18 MeV which is known to exhaust (40-60)% of the E2 EWSR [ 12, 21 ] vanishes m the subtraction as does the peak at E x = 10.9 MeV, which has previously been reported to exhaust 5% of the E2 EWSR [21] . No negative peaks occur, indicating that no isoscalar E1 strength is present, in agreement with the results of refs. [12, 17, 21] . 
< At E x = 14.2 MeV a clear structure with a width of about 300 keV is seen. According to our singles data it exhausts (5.4 -+ 1.0)% of the E0 EWSR. If we assume that all the strength in the spectrum of fig. 2d is due to E0 excitation, the total fraction of the E0 EWSR exhausted In the excitation region between 10.5 and 20 MeV is (30.2 -+ 6.0)%. The centroid of the strength distribution is located at E x = 14.4 MeV. In calculating the sum rule strength the form factor version I of ref. [22] was used while the transition rates B(E0) were determined from the multipole moments of the real part of the optical potential [23] . The E0 strength was also determined from coincidence measurements with charged particles, specifically from the a 0 decay to the 0 ÷ gs of 36Ar. Fig. 3 displays the angular correlation of this decay mode for the most prominent structures of the spectrum of fig.  2d . The fits shown are obtained with a coherent and incoherent addition of E0 and E2 amphtudes, respectively. No contributions from other multlpolarities are needed to explain the observed angular correlations, m good agreement with the results of refs. [ 14] and [21 ] . For these measurements the full spectrograph solid angle was used. The angular correlation fits were made using m-state populations from DWBA calculations [24] . Experimental distortion of the angular correlations due to the finite opening angle for the inelastically scattered c~-partlcle (-+3 °) was taken into account. The results of the present experiments are summarized in tabel 1. The total cross section ato t obtained from the fits to the a 0 angular correlations are nearly independent on whether a coherent or an incoherent addition of E0 and E2 amplitudes has been used, but the E0 fraction deduced IS systematically larger for the coherent fit. However, since the E0 strength is dominating in the mtervals under consideration, this does not have very large effects on the EO strength observed. fig. 2c from that of fig. 2b with the proper normahzatlon factor. (e) Alpha-particle spectrum at 0 ° m coincidence with decay to the 0 + ground state of 36Ar, averaged wUh the proper weighing factors over all angles for the decay c~-partlcle. Oc~(deg) The branching ratios P(E0, oz0)/['to t were determined from the experimentally determined branching ratios =(c~0)/o(coinc.), the ratio o(E0, c~0)/o(E2, c~0) and the known branching ratios I'(ct0, E2)/Pto t [17] . The large isotroplc components observed m the angular correlations for the a 0 decay do not necessarily imply that E0 strength is present, since the decay of a continuum due to mulnstep excitation could show a similar angular correlation pattern. A substantial contrxbutlon from such processes can be excluded though on the basis of the following argument. If a substantial amount of such a continuum would be present, it would have to have a flat angular distribution over the interval 0°-3 °, since the subtraction spectrum of fig.  2d does not show a continuum background. Thus its effect on the coincidence measurements which are taken over the full interval 0°-3 ° would be rather large in comparison with the very forward peaked EO strength, since for such a flat distribution the contrlburton from the interval 1.5°-3 ° is about four times as large as for the interval 0°-1.5 °. Yet, if we compare the EO strength hsted in table 1 we see that the results for the coincidences are approximately the same as or even somewhat smaller than those for the singles. Therefore the presence of multtstep processes can be excluded. The same concluston was reached in a similar coincidence experiment previously performed Table 1 Comparison of the E0 strength found from singles and coincidences with s 0 decay. a) Errors are estimated to be 20% for the singles and 30% for the coincidences.
b) The hrst value on each row corresponds to the coherent fit, the second to the incoherent fit. c) Ref. [16] . d) Ref. [12] . e) Rei. [171. f) Refs. [1,61. at a scattering angle of 12.50 instead of 0 ° as is the case for the present experiment In that experiment it was also found that for E x < 16 MeV no continuum due to multistep processes is present [17] . The uncertaintms in E0 EWSR fractions hsted m table 1 are estimated to be around 20% for the singles and around 30% for the coincidence measurements. The results of the two independent determinations of the E0 strength are in good agreement. Also the agreement with the prevmusly reported values is good: the structure at E x = 14.17 MeV has been reported to exhaust (6 + 3)% [16] and (6-7)% of the E0 EWSR [12] , while the amount of E0 strength found between E x = 15.7 MeV and 20 MeV is in agreement with the suggestions of refs. [1, 6, 17] . The good agreement between the various results and the consistency of the results from the present singles and colnmdence measurements then leads to the conclusion that in 4°Ca approxamately 30% of the E0 EWSR is located in the excitation regaon between 10.5 and 20 MeV. The E2 strength deduced from the coincidence data is somewhat lower, but still consistent with the strength reported in ref. [17] , taking into account the rather large errors m the E2 strength deduced from the present data.
Thus we have located a substantial but still minor part of the total possible E0 strength, which indeed is strongly fragmented and intermingled with E2 strength. The amount of E0 EWSR located is in good agreement with the calculations of ref. [10] . From this it is reasonable to infer that the remaining E0 strength is located at higher exmtation energies, as predicted m ref. [10] . If so, it would probably be even more fragmented which would make it even harder to locate. In ttus connection it should be pointed out that the very sensitive coincidence measurements described here do not work for E x > 16 MeV smce due to the competition of other decay channels P(a0)/Pto t decreases strongly with increasing exmtatmn energy. Also the method of comparing singles cross sections m different scattering angle intervals where one uses the typical shape of the E0 angular dlsmbution loses it reliabdlty In case of a very fragmented homogeneous strength dlstributmn due to the errors inherent in such a procedure. Thus if the bulk of the E0 strength is present mdeed above E x = 20 MeV it will probably remain undetected at least with the present state of experm~en-tal technique. Fanally it should be mentioned that it is possible that the calculation of the fractaon of the E0 EWSR using the standard form factor as for instance given in ref. [22] cannot be used for such light nuclei as 4°Ca, so that the calculated strength of 30% would m fact correspond to a much larger E0 strength.
